Introduction
Whilst attempting to assess mice for retinal disease, it was discovered that application of 10% phenylephrine to the eye rapidly produced a milk-white lens opacity. This observation has been extended to several syngeneic strains which have been compared. The natural history of the phenomenon has been studied and the underlying mechanism investigated.
Materials and methods
The mouse strains studied were CBA, C57Bl, BALB/c and NIH, all obtained from colonies maintained in the University of Bristol Department of Pathology and Microbiology. Six-week-old male mice were anaesthetized with 18/lg of intraperitoneal pentobarbitone sodium in 1 ml of phosphate buffered saline, and the eyes examined with a Zeiss slit-lamp biomicroscope. Any animal with an ocular abnormality was excluded from the study. Experiment 1: Groups of at least 5 mice of the CBA, C57/Bl, and BALB/c strains were then treated with two drops of preservative-free 10% phenylephrine (Minims phenylephrine 10%, Smith and Nephew Pharmaceuticals, Romford, Essex, UK) applied to the left cornea. The eyes were then examined at the following intervals: 15 and 30 minutes, 1, 1.5, 2.5, 3.5, 5.5, and 24 hours. The state of the crystalline lens was assessed with the slit-lamp, including the use of retroillumination to detect any opacity. Any other ophthalmic abnormality was also noted. A control group of each strain was treated with topical Minims of normal saline. Experiment 2: Two groups of 5 NIH mice were treated with two drops of preservative-free phenylephrine applied to the left cornea. After 5 minutes, the left eye of one group was liberally covered with eye ointment base. Fifteen minutes later, the ointment was removed and both groups were examined.
Results
Experiment 1: All three strains had developed lens opacities 15 minutes after treatment with phenylephrine. CBA and C57Bl mice had already developed milk-white cataracts ( Figure 1 ); these were still present after 1.5 hours, but resolved over the period to The mydriasis induced by phenylephrine had resolved in all CBA mice by 2.5 hours, and in all C57Bl mice by 3.5 hours, whereas all BALB/c mice still showed a mydriasis at 5.5 hours after treatment. All experimental eyes were normal at 24 hours, and the eyes of control animals treated with saline were normal throughout.
Experiment 2: When examined 20 minutes after treatment with phenylephrine, the mice which did not receive ointment had developed lens opacities similar to those seen in the first experiment. However, in those mice also treated with ointment, a mydriasis was observed but no lens opacification.
Discussion
The phenomenon of phenylephrine-induced reversible cataract in the mouse does not appear to have been reported previously. However, phenylephrine is a sympathomimetic drug related pharmacologically to adrenalin. Adrenalin-induced reversible lens opacification has been reported in the mouse! and the rat 2 when the drug is administered intraperitoneally. Subsequent work in the hamster 3 and the mouse" suggests that the mechanism is transcorneal dehydration of the lens. Although Tum Suden ' was unable to correlate lens opacification with 'exophthalmos', all the mice treated with topical phenylephrine developed marked ipsilateral apparent exophthalmos due to upper and lower lid retraction. This was of a severity rendering forcible lid closure impossible for between 30 and 60 minutes. In 2 of 5 C57Bl mice treated with topical phenylephrine, the cornea became hazy with folds in Descemet's membrane between 3.5 and 5.5 hours after treatment, suggesting a disorder of corneal homeostasis.
The suggested mechanism for adrenalin-induced reversible lens opacification also appears to be operating in the model reported here. Phenylephrineinduced reversible cataract was prevented by a layer of eye ointment which was thick enough to prevent transcorneal dehydration. This is also supported by the observation that the anterior portion of the lens appears to be opacified initially.
It is not clear why cataracts should develop more rapidly and last longer in CBA and C57Bl mice than in the BALB/c strain, nor why the mydriasis should be more prolonged in the BALBJc mice. It may be of relevance that the BALBJc strain is albino. There was no significant difference in corneal diameter or anterior chamber depths, suggesting that morphological factors are not a cause. Other possibilities include altered adrenergic receptor sensitivity, modified phenylephrine metabolism, or differential corneal permeability to phenylephrine, its metabolites, water, or a combination.
Phenylephrine-induced cataract in the mouse is a further example of acute reversible lens opacification (ARLO). Cataract may be due to many mechanisms", and phenylephrine-induced cataract appears to be due to transcorneal dehydration, as originally suggested by Fraunfelder and Burns" using related models of ARLO. The cause of the strain differences reported here is not clear, and may be worthy of further investigation. The extreme simplicity of this model makes it attractive for further studies.
